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,QWURGXFWLRQ
7KHDUFKEULGJHLQ.UiVQRQDG.\VXFRXLVWKHWZRVSDQDUFKHGEULGJHZLWKFOHDUVSDQP)LJ8QGHUWKLV
EULGJHIORZVWKHULYHU%\VWULFD7KHGLDJQRVHGUHLQIRUFHGFRQFUHWHEULGJHLVSUREDEO\RQHRIWKHPRVWZHOOSUHVHUYHG
UHLQIRUFHGFRQFUHWHEULGJHLQWKHSUHVHQWLQ&HQWUDO(XURSHGDWLQJIURPWKHHDUO\VRIWKHWKFHQWXU\LHIURPWKH
WLPHRI WKHILUVWPDMRUDSSOLFDWLRQVRIUHLQIRUFHGFRQFUHWH LQEULGJHHQJLQHHULQJLQ WKHZRUOG7KHDUFKUHLQIRUFHG
FRQFUHWHEULGJHLQ.UiVQRQDG.\VXFRXZDVEXLOWLQ
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)LJ7KHDUFKEULGJHLQ.UiVQRQDG.\VXFRX
2Q WKH EULGJH EHIRUH WKH VFKHGXOHG UHFRQVWUXFWLRQ WKHUH ZDV LPSOHPHQWHG D FRPSOH[ GLDJQRVWLFV DLPHG WR
YHULILFDWLRQRIWKHDFWXDOPDWHULDOFKDUDFWHULVWLFV>@$WWKHVDPHWLPHWKHUHZDVDOVRFDUULHGRXWWKHSURRIORDGWHVW
WR YHULI\ WKH DFWXDO EHKDYLRU RI WKH EULGJH EHIRUH WKH UHFRQVWUXFWLRQ DQG ODWHU DIWHU WKH UHFRQVWUXFWLRQ 7KHPDLQ
FRQGLWLRQRIWKHSURMHFWDQGRIWKHVXEVHTXHQWO\UHDOL]HGUHFRQVWUXFWLRQZDVWRSUHVHUYHWKHYLVXDOFRQGLWLRQRIWKH
EULGJHEHIRUHWKHUHFRQVWUXFWLRQDQGDOVRWKHVROXWLRQRIPRWRULVWDQGSHGHVWULDQWUDIILF
([SHULPHQWDOYHULILFDWLRQRIPDWHULDOSURSHUWLHV
:LWKLQWKHUHFRQVWUXFWLRQRIWKHEULGJHWKHPDWHULDOSURSHUWLHVZHUHYHULILHGE\WKHQRQGHVWUXFWLYHPHWKRGVLQVLWX
DQGRQWKHFRUHVRIDUFKHV)LJDQGSDUDSHWVRIWKHEULGJH7KHVSHFLPHQVRIUHLQIRUFHPHQWDUFKZHUHUHPRYHGIRU
WKHWHQVLOHWHVWV0DWHULDOSURSHUWLHVZHUHLQYHVWLJDWHGSDUDOOHOLQWZRLQGHSHQGHQWODERUDWRULHVDW8QLYHUVLW\RIäLOLQD
81,=$DQGLQODERUDWRU\RI%XLOGLQJ7HVWLQJDQG5HVHDUFK,QVWLWXWH76Ò6LQ%UDWLVODYD
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)LJ6DPSOLQJRIFRQFUHWHFRUHVIURPWKHDUFKQR
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2.1. Material properties of concrete 
2YHUDOOWKHUHZHUHPDGHVL[FRUHVIRXUIURPDUFKHVDQGWZRIURPSDUDSHWVDQGIURPWKHPHLJKWVSHFLPHQVZHUH
PDGHIRUPHFKDQLFDOWHVWV,Q)LJLVDFRUHIURPWKHDUFKRQZKLFKLVFOHDUO\YLVLEOHDOVRWKHFRQFUHWHRIWRSSLQJ
OD\HUZKLFKFRORUWRQHLVGLIIHUHQWIURPWKHFRQFUHWHRIDUFK2QWKHVSHFLPHQLWLVDOVRQRWLFHDEOHWKDWWKHDJJUHJDWH
XVHGLQFRQFUHWHLVJUHDWHUWKDQDIUDFWLRQZKDWJLYHVWKHFRQWHPSRUDU\OLWHUDWXUH>@


)LJ&RUHIURPWKHDUFKZLWKDYLVLEOHLQWHUIDFHEHWZHHQWKHFRQFUHWHRIDUFKDQGWKHFRQFUHWHRIWRSSLQJOD\HU
2QWKHVSHFLPHQVZDVYHULILHGWKHFRPSUHVVLYHVWUHQJWKRIFRQFUHWHDQGE\FDOFXODWLRQDOVRWKHVWDWLFPRGXOXVRI
HODVWLFLW\7KHFRPSUHVVLYHVWUHQJWKPHDVXUHGRQ WKHF\OLQGHUVZDVUHFDOFXODWHG WR WKHFXEHFRPSUHVVLYHVWUHQJWK
DFFRUGLQJWR671>@WKHVHUHVXOWVDUHVKRZQLQ7DEOH
7DEOH0HFKDQLFDOSURSHUWLHVRIWHVWHGFRQFUHWHVSHFLPHQV
'HVLJQDWLRQ
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&RPSUHVVLYHVWUHQJWKRIFRQFUHWHRQWKHVXSHUVWUXFWXUHRIWKHEULGJHKDVEHHQYHULILHGDOVRE\QRQGHVWUXFWLYH
PHWKRGXVLQJWKH6FKPLGWUHERXQGKDPPHUW\SH15HVXOWVRIWKHWHVWVDUHVKRZQLQ7DEOH


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7DEOH5HVXOWVRIGHWHUPLQDWLRQRIFRPSUHVVLYHVWUHQJWKRIFRQFUHWHE\6FKPLGWUHERXQGKDPPHU
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2.2. Mechanical properties of steel reinforcement 
6WHHOUHLQIRUFHPHQWVZHUHWDNHQIURPWKHORZHUPLGGOHSDUWRIWKHDUFKQHDUWKHDEXWPHQWQRDQGIURPWKHP
ZHUHLQWKHODERUDWRU\SUHSDUHGWKUHHSLHFHVRIVSHFLPHQV7DEOH6SHFLPHQQRZDVPDGHDFFRUGLQJWR671(1
,62>@ZKLOHLWVGLDPHWHUGHFUHDVHGIURPWKHRULJLQDOPPWRPP
7DEOH0HFKDQLFDOSURSHUWLHVRIUHLQIRUFHPHQW
6SHFLPHQ
QR /DERUDWRU\
'LDPHWHURI
UHLQIRUFHPHQWG
/HQJWK/
<LHOGVWUHQJWK
5S
0D[LPXPIRUFH
DWEUHDN)P
7HQVLOH
VWUHQJWK5P
0RGXOXV
RIHODVWLFLW\(
>PP@ >PP@ >03D@ >N1@ >03D@ >*3D@

81,=$
     
      
 76Ò6      
2.3. Corrosion of reinforcement 
7KH VWDWH RI UHLQIRUFHPHQW RI WKH VXSHUVWUXFWXUH ZDV YHULILHG YLVXDOO\ EHFDXVH WKH FRYHU LQ VRPH SODFHV RI
VXSHUVWUXFWXUHZDV IDOOHQ RII 7KH DFWXDO GLDPHWHU RI UHLQIRUFHPHQW DIWHU UHPRYLQJ WKH FRUURVLRQ SURGXFWV ZDV
PHDVXUHGDWWKHVHSODFHVE\FDOLSHU0HDVXUHPHQWRIWKHDFWXDOGLDPHWHURIWKHUHLQIRUFHPHQWZDVFDUULHGRXWLQD
SODFHDFFHVVLEOHIURPELF\FOHEULGJHIURPWKHXQGHUVLGHRIWKHVXSHUVWUXFWXUHRQWKHXQGHUVLGHRIWKHDUFKQRQH[W
WRWKHDEXWPHQWQRZKHUHZDVWKHORFDOO\IDOOHQFRYHU)LJ7DEOHVKRZVWKHRULJLQDOGLDPHWHUVRIWKHPDLQ
UHLQIRUFHPHQWDQGDOVR WKHDFWXDOO\PHDVXUHGGLDPHWHUVRI WKHPDLQ UHLQIRUFHPHQW LQ WKHPRQLWRUHGSODFHVRI WKH
VXSHUVWUXFWXUH

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)LJ0HDVXUHPHQWRIDFWXDOGLDPHWHURIUHLQIRUFHPHQWRQEULGJHVXSHUVWUXFWXUH
7DEOH5HLQIRUFHPHQWRIEULGJHVXSHUVWUXFWXUH
'HVLJQDWLRQ
RIPHDVXULQJ
ORFDWLRQ
/RFDWLRQRIPHDVXUHPHQW
2ULJLQDOGLDPHWHU
RIPDLQ
UHLQIRUFHPHQW
>PP@
$FWXDOGLDPHWHU
RIPDLQ
UHLQIRUFHPHQW
>PP@
9 %RWWRPRIWKHDUFKQRLQDEXWPHQWQRWKHILUVWUHLQIRUFHPHQWIURPHGJH  
9 %RWWRPRIWKHDUFKQRLQDEXWPHQWQRWKHILIWKUHLQIRUFHPHQWIURPHGJH  
9 %RWWRPRIWKHDUFKQRLQDEXWPHQWQRWKHVL[WKUHLQIRUFHPHQWIURPHGJH  
9 %RWWRPRIWKHDUFKQRLQDEXWPHQWQRWKHVHYHQWKUHLQIRUFHPHQWIURPHGJH  
%\GLDJQRVWLFVRIWKHEULGJHZDVDVWKHPDLQUHLQIRUFHPHQWRIWKHDUFKVXSHUVWUXFWXUHIRXQGWKHUHLQIRUFHPHQW
IURPZURXJKWLURQ$[LDOGLVWDQFHVRIWKHPDLQUHLQIRUFHPHQWRULJLQDOGLDPHWHUZDVPPLQWKHIRRWRIDUFKQR
)LJDUHDERXWPP7KHD[LDOGLVWDQFHVRIWKHSDUWLWLRQLQJUHLQIRUFHPHQWRULJLQDOGLDPHWHUZDVPPLQWKH
IRRWRIDUFKQRDUHPP&RYHURIWKHPDLQUHLQIRUFHPHQWLQWKHIRRWRIDUFKQRLVPP,QRWKHU
SODFHVIURPWKHXQGHUVLGHRIWKHVXSHUVWUXFWXUHQH[WWRWKHDUFKQRDQGHYHQQH[WWRWKHDUFKQRWKHPDLQDQGWKH
SDUWLWLRQLQJUHLQIRUFHPHQWZHUHQRWYHULILHGGXHWRXQDYDLODEOHDFFHVVWRWKHVXSHUVWUXFWXUH
2.4. Determination of the depth of carbonation of concrete 
&DUERQDWLRQ RI FRQFUHWH ZDV GHWHUPLQHG E\ D VLPSOH LQGLFDWLQJ PHWKRG E\ PRLVWHQHG RI FRQFUHWH ZLWK
SKHQROSKWKDOHLQVROXWLRQLQHWKDQRO7KHUHZDVPHDVXUHGWKHGLVWDQFHRIFRORUHGOD\HUDOZD\VYHUWLFDOO\WR
WKHVXUIDFHRIWKHVWUXFWXUH)LJ7KHGHSWKRIFDUERQDWLRQLVLQIOXHQFHGDOVRE\WKHIDFWWKDWWKHWRSSDUWRIWKHDUFK
ZDVFRYHUHGE\DUFKEDFNILOOGXULQJWKHZKROHOLIHWLPHRIWKHEULGJH7KHUHVXOWVRIPHDVXUHGGHSWKRIFDUERQDWLRQRI
FRQFUHWHDUHVKRZQLQ7DEOH
7DEOH'HSWKRIFDUERQDWLRQRIFRQFUHWH
'HVLJQDWLRQ
RIPHDVXULQJ
ORFDWLRQ
/RFDWLRQRIPHDVXUHPHQW
7KHDYHUDJHGHSWK
RIFDUERQDWLRQ
>PP@
. 0LGGOHRIWKHWRSRIWKHDUFKQRPPIURPWKHSDUDSHW 
. 7RSSDUWRIWKHDUFKQRLQDEXWPHQWQRPPIURPWKHSDUDSHW 
. %RWWRPRIWKHDUFKQRLQDEXWPHQWQR(GJHRIWKHVXSHUVWUXFWXUH 
. %RWWRPRIWKHDUFKQRLQDEXWPHQWQRPLGGOHRIWKHVXSHUVWUXFWXUH 
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)LJ9HULILFDWLRQRIFDUERQDWLQJFRQFUHWHOD\HURQWKHVXSHUVWUXFWXUHRIWKHEULGJH
7KHUHVXOWVRIWKHPHDVXUHPHQWSRLQWVLQGLFDWHWKDWWKHGHSWKRIFDUERQDWLRQRIDOOWKHWHVWORFDWLRQLVPLQLPDODQG
LVQRWPRUHWKDQFRQFUHWHFRYHU&RYHUPHDVXUHGDWFRUHVZDVDWWKHORZHUVXUIDFHPHDVXUHGLQWKHUDQJHPPWR
PPDQGDWWKHWRSVXUIDFHPPWRPP
2.5. Determination of chloride content Cl- 
%HIRUHWRGHWHUPLQLQJRIFKORULGHLRQV&OWKHFRQFUHWHVDPSOHVZHUHPLOOHGLQDEDOOPLOOWRDSRZGHU$IWHUWKH
FDOLEUDWLRQRI FKORULGHHOHFWURGH  JUDPRI WKH PLOOHG VDPSOHZDV VSLOOHG LQWR WKH FRQWDLQHU FRQWDLQLQJWKH
H[WUDFWOLTXLG DQGE\ PHDVXULQJ HOHFWURGHZDV UHDGWKH YDOXH RI YROWDJHLQ P92Q WKHFDOLEUDWLRQFKDUWZDV
GHWHUPLQHG WKH FRUUHVSRQGLQJFRQFHQWUDWLRQ RI FKORULGH LRQV&O LQ  FRQFUHWHZHLJKW &OPEZKLFK
ZDVUHFDOFXODWHG RQWKH DPRXQW RI FHPHQW SUREDEO\ XVHG LQ WKH SURGXFWLRQ RI IUHVK FRQFUHWH&OPF7KH
FRQFHQWUDWLRQRIFKORULGHLRQVLVVWDWHGLQ7DEOH
7DEOH)LQDOFRQWHQWRIFKORULGHLRQVLQFRQFUHWH
6SHFLPHQ
QR 3RVLWLRQRIWDNLQJRIVDPSOH
9ROWDJH
>P9@
&KORULGHFRQWHQWE\
RIFRQFUHWHPDVV
>&OPE@
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